Abstract: A quantitative structure activity relationship (QSAR) study of 2-substituted 2,3-dihydro-1H-naphtho[1,8,de]-1,3,2-diazaphosphorine 2-oxides and sulphides (DND), examines the extent of the contribution by various physicochemical parameters with respect to their antimicrobial activity. Simple bivariant regression analysis, based on the least squares method, is applied in order to predict models. The predicted models reveal that the steric factor, MR, is the major contributor influencing antimicrobial activity. Bulky groups at the C-19 (C=O group) position positively influence the potency of the compounds.
Introduction
Organophosphorus compounds have acquired a place of importance as potent antibacterial, antitumour, and chemotherapeutic agents and also as pesticides. The presence of nitrogen in these compounds promotes antitumour activity [1] [2] [3] , whereas carbamate moieties are responsible for antitumour activity [4] as well as bactericidal activity [5, 6] . These compounds also exhibit pesticidal activity [7] . The N-phosphorylated nitrogen mustard compounds possess anticancer activity [8] [9] [10] [11] , and substituted ureas of type RR'P(O)NHCONR"R"' exhibit pesticidal activity [12] [13] [14] . Belonging to this class of com-pounds, 2 -substituted 2,3 -dihydro -1H-naphtho [1,8-de ]-1,2-diazaphosphorine 2-oxides and sulphides (DND) (presented in Fig. 1 ) have been recently synthesized and evaluated by Venugopal et al [15] and are expected to possess a broad spectrum of activities and less toxicity. The present communication is an attempt to explore the Quantitative Structure Activity Relationship (QSAR) of a series of DND compounds. It is aimed at explaining the observed variation in biological activity as a function of various physicochemical parameters and at predicting the best lead compounds for providing insight into substitutional and configurational requirements for optimum receptor fit, leading to the development of the best pharmacological activity. 2 Experimental methods
Computational method
A series of 12 compounds of DND (a-l), previously tested for antimicrobial activity (Table 1) , were modeled using Molecular Modeling Pro from WindowChemsoftware Inc. [16] . Molecules were built, followed by geometrical optimization, energy minimization, and calculation of physicochemical parameters (chemical descriptors), such as MR (a steric parameter), QlogP (a hydrophobicity parameter) [17] and σ* (an electronic parameter) [18] using Physical Properties Pro. The results were analyzed using SPSS software, version 10.0, in order to generate the equation with the best fit correlation.
3 Chemical descriptors 3.0.1 Lipophilicity parameter (QlogP)
The lipophilicity factor P is the most used property where P is defined by 1-octonol/water partition coefficient. method in Chem SW.
Electronic parameter (σ* )
It is an electronic substituent descriptor reflecting the electron donating or accepting properties of a substituent.
Steric factor (molar refractivity, MR)
This parameter gives a measure of the steric factors and bulkiness of the given base molecule with various substituents. It is the molar volume corrected by the refractive index and represents size and polarisability of a fragment of molecule. Molar refractivity is given by:
where n is the refractive index, M W is the molecular weight, and d is the compound density.
QSAR studies
In order to establish a relationship between chemical structure and antimicrobial activity, the antimicrobial activity, measured in the form of inhibition concentration (IC) using Aspregillus niger [15] , was transformed to Log1/IC 50 and was used as the dependent variable. Various physicochemical parameters were used as independent, or predictor variables, and quantitative structure activity relationships in terms of the correlation between Log1/IC 50 and the physicochemical parameter was derived. The data obtained were analyzed statistically using multiple, nonlinear regression through the origin and by fitting it in the equation, which consisted of various combinations of parameters.
where a i -regression co-efficient and X i -independent parameter. Acceptability of the equation was judged examining significance of regression constant by t-test . Prediction models were identified using maximum 1R2improvement method and considering statistical parameters viz 
Results and discussion
The correlation matrix generated using SPSS software, version 10.0, for all 12 of the DND compounds with Log1/IC 50 as the predicted value and MR, QlogP and σ* as predictor values is presented in Table 2 . The activity (Log1/IC 50 ) correlates well with MR and σ*. Hence, the multiple nonlinear regression technique through the origin is applied using these parameters. The model equations generated by this technique are tabulated in Table 3 . Equation A, obtained with single parameter MR, shows a good R 2 value of 0.988, an F Ratio of 938.682, and an SEE value of 0.22, indicating that the data points fit well in the equation. Equation B, generated using σ* alone, shows low R 2 and F Ratio values of 0.977 and 477.02, respectively, and a high SEE value of 0.31, indicating the equation is statistically insignificant. Moreover, the correlation matrix also suggests significant correlation between MR and QlogP, and between QlogP and σ*. In order to understand the influence of the hydrophobic effect on both electronic and steric parameters, equations C and D (Table 3) were generated using a combination of MR and QlogP, and QlogP and σ*, respectively. The modeled equations are statistically insignificant due to large errors (above 50 %) with QlogP in both the equations, indicating that its contribution is statistically insignificant. Equation E (Table 3) , obtained using a combination of MR and MR
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, shows a high regression value of R = 1.000 and R 2 = 1.000, and an excellent F Ratio = 10952.66 with a negligible SEE value of 0.04, indicating that almost all data points fit well in this regression model. The statistical significance of this equation is greater than 90 %. Cross validation of the data using a stepwise regression gives the same equation. Hence, considering the high R 2 value and the low SEE value, equation E is projected as the best regression model, revealing that the steric bulk factor is a major contributing factor of the activity of the DND variants. The equation exhibits a quadratic relationship of activity with MR, represented graphically in Figure 2 .
Upon differentiating the equation to zero, an optimum value of MR=93.5 is obtained for the maximum activity.
Therefore, we conclude that bulky groups enhance the pharmacological activity of the drug until an optimum MR value of 93.5 is achieved. Further increases in the bulkiness beyond the optimum value leads to a decrease in the pharmacological activity and drug receptor interaction of the lead compound. The best pharmacophore for the DND series is a compound with an MR value between 93 and 95. 
